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How Big Is the Universe?
The star-filled night sky, casually observed by the curious biped, does not seem to be expanding, yet astronomical analysis clear-
ly shows it to be. This expansion does not affect 
the terrestrial traveler, nor even those planning 
extended interstellar voyages. But is the same true 
for those planning a lifetime of investigation in the 
biomedical sciences? How must we accommo-
date the perceptibly expanding universe of bio-
medical literature?
As a Neanderthal, I packed many file cabinets 
with reprints and photocopies, loaded book-
shelves with personal journal subscriptions bound 
and unbound, and trekked to the library to scruti-
nize the current weekly stack of journals. I thought 
I had a good sense of the extent of the universe 
I wished to explore — I could see it all laid out 
before me. Now, I look with awe on the new Cro-
Magnon generation, with PDFs on memory sticks 
and unknown numbers of gigabytes of information 
in cluttered digital folders. With innumerable web 
sites now available through search engines and 
browsing, obtaining useful input about the world 
of science with my Neanderthal strategy would be 
hopeless and a sybarite indulgence.
Scientists must decide how to explore the bio-
medical universe and how much effort to invest 
in pondering even a subset of it. Maybe my Cro-
Magnon friends can read twenty or two hundred 
electronic tables of contents a day; they make my 
eyes water, and the process is probably inefficient, 
as well. Thus, through keyword searches I contin-
uously search the literature. But still I ask myself: 
do I want hundreds of titles and abstracts on skin, 
keratin, ichthyosis, transglutaminases, post-trans-
lational modifications, triplet repeats — and other 
topics that only constitute part of my intellectual 
universe — bombarding my eyeballs? Maybe my 
courageous younger colleagues have faster and 
better retinas, faster processing times, better stor-
age capacities, and cleverer schemes for ordering 
their world.
Alas, many questions. How much knowledge 
is out there, and at what rate is it expanding? We 
have left behind cabinets, shelves, and libraries, 
all comfortable analog terms based in concrete 
realities. Terabytes, megabytes are impossible to 
hold in my hand, and exabytes will require skills 
beyond my toolkit.
We teach our trainees details of our science 
and art, but we fail to address the central issue of 
our scientific age, which is not the mechanical arts 
of the laboratory bench or the analysis of clinical 
data, but the detailed retrieval of information from 
our expanding biomedical universe.
To thrive in the new information world, our 
trainees (and we their mentors) must ask the cor-
rect questions. We will not survive intellectually 
or attain happiness in our careers without moving 
beyond the hunter-gatherer stage of acquiring and 
organizing information. The information sciences 
and their techniques may be akin to the language 
exams that many PhD students were (and some-
times still are) required to pass as a step toward 
their degrees.
There is an approach beyond looking for mind-
expanding drugs, evolving into cyborg creatures 
with built-in memory and logic chips, or look-
ing for the next manifestation of a new advanced 
model of Homo sapiens.
Survival in the sciences demands we recognize 
that the important questions in the biological uni-
verse are complex and require hypotheses that can 
address interacting systems in a reiterative fashion, 
based on increasing information about those sys-
tems. We can take a page from ecology; where 
the authors write about trees and schools of fish, 
we should substitute our concerns about interact-
ing immune cells, selection of immunoglobulins 
and similar complex subjects (Grimm et al., 2005). 
The Medawar zone approach to understanding the 
relationship between the difficulty of a scientific 
issue and the ultimate “payoff” is especially worth 
considering (Loehle, 1990). Thinking about infor-
mation, if we substitute as the abscissa the amount 
and quality of information and the ability to apply 
that information to the issues under investigation, 
we can determine where to invest our own energy. 
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